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COMPARISON OF VARIOUS ARTIFICIAL MATERIALS ARTICULATING
AGAINST LIVE CARTILAGE
C.A. Pacione, R.L. Trevino, S. Chubinskaya, A.M. Malfait, M.A.
Wimmer. Rush Univ. Med. Ctr., Chicago, IL, USA
Purpose: Cobalt-chromium alloy (CoCr), polyether ether ketone
(PEEK), pyrolytic carbon (PC), and polyethylene (PE) are artiﬁcial,
materials used in joint restoration. PE had been used in the 1970s, but
caused major tissue damage, and hence, is no longer utilized. In
contrast, CoCr, PEEK, and PC are in use for various surgical procedures.
Differences in their tribological effects on live cartilage remain to be
investigated since biomechanical testing is generally performed with
little recognition of tissue viability and integrity. Therefore, we aimed
to evaluate wear effects of these biocompatible materials on cartilage
integrity in an in vitro articulating system. We hypothesized that
articulating these materials against live cartilage will decrease cell
viability, histologically alter the extracellular matrix, and increase the
release of proteoglycan fragments, with PEEK and PC performing more
favorably than CoCr.
Methods: Full thickness cartilage explants were removed from the
femoral trochlear groove of 24-week old bovine stiﬂe joints (n>8).
Explants were randomized into ﬁve groups: three test groups (CoCr,
PEEK, PC) and two control groups (unloaded free-swelling, PE as posi-
tive control). Explants underwent a ﬁve-day pre-culture in media
(DMEM: F12+ITS). Testing was conducted in a four station joint motion
simulator with biological conditions. Explants were laterally conﬁned in
porous polyethylene platens and loaded to 40N (w2 MPa) while artic-
ulated against a material ball for three hours per day for three days.
After test completion, explants were examined for cell viability with
LIVE/DEAD assay kit and for matrix morphology with Safranin-O
histological staining and then Mankin scoring. The collected wearFigure 1. Cumulative GAG released into media, n>8. Mean +/- SEM. Bars indicate
p<0.05.media from the three days was examined for total glycosaminoglycan
(GAG) content using the DMMB assay. The release of aggrecan frag-
ments was conﬁrmed with Western blotting using the AHP0022 anti-
body, which recognizes an epitope within the G1 and G2 domains.
Paired and unpaired t-tests were used for statistical analysis with p-
value less than 0.05 being signiﬁcant.
Results: While total cell viability of all test and control explants was
maintained (w60%) throughout the culture and testing period,
viability of the superﬁcial zone of explants articulating against CoCr
was signiﬁcantly reduced in comparison to PEEK and PC (p¼0.0233,
p¼0.0054, respectively). CoCr and PEEK performed worse than free
swelling control (p<0.0152). In PE, the superﬁcial layer was absent,
which was reﬂected in the Mankin score. In ranking the materials
by Mankin scores, PE was followed by CoCr, which was still signiﬁ-
cantly worse than control (p<0.0001, p¼0.0242, respectively). Scores
of PEEK and PC were similar and not different from control. Free
swelling control showed the lowest GAG release (p<0.0177). There was
a trend towards decrease in total GAG release in explants articulating
against PEEK as compared to CoCr and PC (p¼0.0849, p¼0.0577,
respectively) with no statistical difference between CoCr and PC (Fig.1).
Western blot of the media showed three identical aggrecan fragment
bands (260 kD, 160 kD, 110 kD) in the articulated samples with PC,
PEEK, and CoCr.
Conclusions: In this in vitro model using live cartilage explants, all
materials induced quantitative changes in articulated cartilage that
were worse compared to unloaded controls and that were better than
positive controls (PE). Variability in cell viability suggests that cellular
activity should not be neglected in biomechanical wear testing when
comparing artiﬁcial materials. Future analysis shall include more
sensitive markers of metabolism including synthetic activity and
cellular response to mechanical stimuli. In summary, this study showed
that PEEK and PC performed with a slight advantage compared to CoCr.399
INTRACELLULAR CALCIUM RESPONSE OF CHONDROCYTES TO HYPO-
OSMOTIC STRESS IS INDEPENDENT OF MATRIX ATTACHMENT
C.L. Jablonski, S. Fergusson, A. Clark. Univ. of Calgary, Calgary, AB, Canada
Purpose: Osteoarthritic cartilage presents a chronically hypo-osmotic
environment to chondrocytes. Hyper- and hypo-osmotic conditions are
experienced during joint loading as water is exuded then imbibed into
the cartilage. Chondrocytes are sensitive to these changes and biologi-
cally respond via intracellular calcium ([Ca2+]i) ﬂux. Chondrocyte [Ca2+]i
ﬂux in response to ﬂuid ﬂow is regulated by matrix adhesion however
the inﬂuence of the extracellular matrix on osmotically induced [Ca2+]i
ﬂux is currently unknown. Therefore, the purpose of this study was to
compare the effects of osmotic stress on the [Ca2+]i response of murine
chondrocytes in vitro and ex vivo. We hypothesize that removing the
matrix will strengthen chondrocyte transduction of osmotic stress.
Methods: All animal procedures were approved by the University of
Calgary Animal Care Committee. For in vitro experiments, cartilage
harvested from the femora of 8 mice was pooled, digested (pronase/
collagenase) and cells plated on glass coverslips atw700cells/ml. For ex
vivo experiments, intact femora were attached, condyles up, to a glass
coverslip. Chondrocytes were incubatedwith the calcium sensitive dyes
Fura Red and Fluo-4 and submerged in iso-osmotic media in a heated
(371C) perfusion chamber. Confocal images were collected every 3.5s
for 12min. After 9 images, media was withdrawn and replaced with
fresh iso-, hypo- or hyper-osmotic media. The iso-osmotic condition
was set at 380 mOsm (in vitro) and 300 mOsm (ex vivo) accounting for
the presence/absence of the charged proteoglycan molecules. In both
experiments hypo- and hyper-osmotic conditions were set at 50
mOsm or 100 mOsm from iso-osmotic. A custom MATLAB code was
used to measure [Ca2+]i responses, with a signiﬁcant signaling event
deﬁned as a Fluo-4/Fura Red ﬂuorescence ratio >3.5 SD above back-
ground. The percent of cells responding with single/multiple signals
was determined and statistically analyzed (X2).
Results: On average, a larger percentage of chondrocytes responded
with [Ca2+]i ﬂux in vitro (61%) compared to ex vivo (12%) (p<0.001) (Fig
1). Furthermore, there were more multiple (65%) compared to single
[Ca2+]i ﬂux responses in vitro, but more single responses (76%) ex vivo
(p<0.001). Hypo-osmolarity induced chondrocyte [Ca2+]i ﬂux in vitro
(p<0.05) and ex vivo (p<0.01), but hyper-osmotic conditions did not
(Fig 1).
